successive winter seasons, to study the effect of different new modified formulas of EM 5 named as EM 5-micronutrient plus on the plant tolerance to two heat stress treatments (simulated as two irrigation methods; i.e. pivot and sprinkler) in wheat (Triticum aestivum L. var. Gemiza 9). Heat stress as a global warming element substantially affects grain setting, duration and rate, and ultimately grain yield. Nonetheless the timing, duration and intensity of heat stress determine its impact on grain yield. Results obtained indicated that under heat stress conditions, pivot irrigation system was the most effective irrigation method compared to sprinkler irrigation system. Similarly, spraying the EM 5-micronutrient plus in the concentration of 8000 ppm gave the best results either at heading stage (110 days after sowing date); i.e. plant height (cm), leaf area (cm 2 ) and chlorophyll (a+b) as ppm/m 2 or at harvest (150 days from sowing date); i.e. spike length (cm), number of tillers/m 2 , number of spikes/m 2 , number of grain/spike, weight of 1000 grains (g), biological yield (ton/fed), grain yield (ton/fed), and straw yield (ton/fed), while the best interaction treatments was obtained from the implementation of pivot irrigation system × EM 5-micronutrient plus (8000 ppm). In contrary, only free proline (µmole proline/g fresh weight), which gave the high values under either sprinkler irrigation system or spraying with water as a control treatment or the interaction between sprinkler irrigation system × water.
climate change (Alexander et al., 2006) . Besides influencing the physicochemical properties of soil rhizosphere through production of exopolysaccharides and formation of biofilm, microorganisms such as EM 1 and EM 5 can also influence higher plants response to abiotic stresses like drought, chilling injury, salinity, metal toxicity and high temperature, through different mechanisms like induction of osmo-protectants and heat shock proteins.. etc, in plant cells (Higa, 1999) .
The effective microorganisms (EM 1 ), is a formulas that contain a mixture of microorganisms groups that includes lactic acid bacteria, photosynthetic bacteria, yeasts, actinomycetes and fermenting fungi. The basis for using these EM species of microorganisms is that they contain various organic acids due to the presence of lactic acid bacteria, which secrete organic acids, enzymes, antioxidants, and metallic chelates (Higa, 1999) . Consequently, EM 5 is a modification product from EM 1 by adding vinegar and ethyl alcohol during the fermentation process in order to have multifunction product such as foliar fertilizer and insect repellent (Higa, 2000) . Wisselinka et al. (2002) reported that several heterofermentative lactic acid bacteria produce mannitol, which is a sugar alcohol in large amounts, using fructose as an electron acceptor, whereas homo-fermentative lactic acid bacteria only produce small amounts of mannitol, therefore mannitol is produced in EM 1 and EM 5 naturally as a byproduct of the fermentation process during EMx manufacture. The use of these microorganisms can alleviate stresses in crop plants thus provide excellent models for understanding the stress tolerance, adaptation and response mechanisms that makes crop plants more capable to cope with climate change induced stresses.
Wheat (Triticum aestivum L.) is very sensitive to high temperature (Slafer and Satorre, 1999) and trends in increasing growing season temperatures have already been reported for the major wheat-producing regions (Gaffen and Ross, 1998; Alexander et al., 2006 and Hennessy et al., 2008) . Wheat experiences heat stress to varying degrees at different phenological stages, but heat stress during the reproductive phase is more harmful than during the vegetative phase due to the direct effect on grain number and dry weight (Wollenweber et al., 2003) . End of season or "terminal" heat stress is also likely to increase for wheat in the near future (Mitra and Bhatia, 2008 and Semenov, 2009) . Thus the main focus is on responses to elevated temperatures during reproductive and grain-filling stages and processes that affect grain yield.
As indicated by Colaizzi et al. (2006) , wheat seemed to be more reproductive under central pivot irrigation system compared with sprinkler system, this may due to minimize the probability of heat stress that temperature was reduced at least two Celsius in fields irrigated with pivot system compared with sprinkler ones (Hai-Jun and Kang, 2006). Sainz et al. (2010) reported that drought and heat stress stimulated the degradation of Photosystem II (PSII) in Lotus japonicas. They added that heat is also induced degradation of chloroplast Cu/Zn superoxide dismutase, therefore degradation of PSII could be caused by the loss of components of chloroplast antioxidant defense systems and subsequent decreased function of PSII. Similarly, Maksymiec (1997) reported that Cu is an indispensable component of oxidative enzymes or of particular structural component of cells. At elevated concentrations, Cu can act strongly on chromatin, the photosynthetic apparatus, growth and senescence processes.
Manganese is an essential element for plants, intervening in several metabolic processes, mainly in photosynthesis and as an enzyme antioxidantcofactor as reported by Millaleo et al. (2010) , while regarding Boron, Metwally et al. (2014) reported that B is an essential element for soil microbiomes and enzyme activities but in a very low concentrations.
This work aimed to study the effects of global warming on wheat production under field conditions and to suggest a physiological method to enhance the wheat adaptation to heat stress using a new modified formula of effective microorganisms five (EM 5 ) that later on will be known as EM-5 micronutrient plus.
MATERIALS AND METHODS
Two field experiments were conducted in Six October Farm and East Oweinat -New Valley Governorate during 2009/2010 and 2010/2011 successive winter seasons, to study the effect of different new formulas of EM 5 on plant tolerance to two heat stress treatments (simulated as two irrigation methods according to Colaizzi et al. (2006) as it will be described later on) in wheat (T. aestivum L. var. Gemiza 9).
The experimental soil was tilled three overlapping times. During soil preparation, the animal dung was added into the soil as a source of organic matter at the rate 20 m 3 /fed, while calcium super -phosphate (15.5% P 2 O 2 ) was added into the soil at the rate of 100 kg/fed. Both the nitrogen fertilizer as ammonium nitrate (33.5% N) at the rate of 60 kg/fed and the Potash fertilizer as potassium sulphate (48% K 2 O) were added during the growth stages through the fertigation process. The chemical analysis of the used compost was presented in table (1), while the chemical and physical properties of the experimental soil was presented in tables (2 and 3). However, the chemical properties of the irrigation water were presented in table (4). Following the common agricultural practices in the region, seeds of wheat (T. aestivum L. var. Gemiza 9) were drilled mechanically at 10 th of November in the two seasons at the rate of 30 kg/fed. The heat stress treatments were simulated as two irrigation systems; the first is under the conditions of central pivot sprinkler system (VXP, Irrifrance, Paulhan, France) where temperature is always two Celsius less than under the second irrigation system conditions, which was the fixed sprinkler system (NAAN Sprinkler 233 A-S, Israel) referring to Colaizzi et al. (2006) . The metrological data of the two fields of wheat growth period during the two seasons were recorded within two in-site metrological booths; i.e. mean temperature (ºC), maximum temperature (ºC), minimum temperature (ºC) and mean humidity (%).
The NAAN Sprinkler 233 A-S, Israel system irrigated using 360º angle sprinklers, the sprinkler is a metal impact sprinkler 3/4" male (NAAN Sprinkler 233 A-S, Israel) with a discharge of 1.170 m 3 /h, wetted radius of 13.5 m, working pressure of 300 kPa and irrigation intensity of 8.10 mmh −1 . The irrigation system"s control unit had a two sand filters (Amiad, Israel) 3ʺ inlet/outlet diameter, 36ʺ vessel diameter, 35-50 m 3 /h and 200 kg vessel weight (empty), and screen filter 200 mesh. A flow-meter and a pressure regulated valve were installed at the head of the irrigation system to measure the applied water and to control the system pressure with a splay rate of 2500 L/min. After the filtration system, the solid set sprinkler irrigation system had 27 laterals, 60 m long, installed on a 1.944 ha field (approximately 324 m long and 60 m wide) with an average slope of 0.0%. The VXP, Irrifrance, Paulhan, France irrigation system has a hose-fed valmout model 6000 central-move irrigation system equipped with a CAMA computerized controller. The system had three, 39 m long spans with twenty four, 1.52 m spaced drops under each span. Pressurized water, on demand from a deep well, was supplied to the irrigation system through an underground water pump. Senninger (Quest and Sons) 360º spray nozzles placed above the LEPA socks metered the flow to drag socks at same rate as the other irrigation system. All application devices were spaced 1.25 m apart and discharged 19.0 L/min equivalent to the discharge rate at the end of 400 m center pivot with a supply rate of 2500 L/min. Pressure to the sprinkler irrigation system was 207 kPa. The LEPA devices were equipped with pressure regulators for the irrigation. Irrigation amount was controlled by changing the speed of the central move irrigation system.
The term effective microorganisms (EM 1 ) as proposed by Higa (1999) contains selected species of microorganisms including predominant populations of lactic acid bacteria and yeasts, and smaller numbers of photosynthetic bacteria, actinomycetes and other types of organisms such as mycorrhizae. Inoculation of EM cultures to the soil/plant ecosystem can improve soil quality, plant health, growth, yield, and quality of crops. Consequently, (EM 5 ) is a modification product from EM 1 that created by adding vinegar and ethyl alcohol during the fermentation process in order to have multifunction product such as foliar fertilizer and insect repellent (Higa, 2000) . Later on, the new modification of EM 5-micronutrients was made by myself through different experiments for series of concentrations from each micronutrient which fermented in the classical EM 5 ; i.e. Cu, Zn, Mn, B and their interactions to select the most proper concentration as active ingredient and total concentration of the modified formulas of EM 5 to apply on wheat plants under heat stress conditions. The selected concentration for the micronutrients as active materials in each formula were as follows: EM 5 ; Cu 2.5 ppm, Zn 1.8 ppm, Mn 1.8 ppm, B 0.1 ppm and for the micronutrient plus (all together). While the applied formulas were sprayed into wheat plants in two concentrations (6000 and 8000 ppm) at the pre-heading stage (90 days after sowing date). The thirteen tested formulas were five new formulas of EM 5 i.e. EM 5-cu , EM 5-Zn , EM 5-Mn , EM 5-B , EM 5-micronutrients , besides EM 1 , (in two concentrations), while water was the control treatment.
The experimental design used in this experiment was spilt plot design in three replicates, where heat stress treatments (irrigation treatments) occupied the main plots and the different EM 5 formulas were been arranged Egyptian J. Desert Res., 64, 135-151 (2014) in the sub ones. The area of the experimental unit was 12 m 2 (3 m × 4 m) with 15 rows, 20 cm apart and 4 m length.
Ten guarded wheat plants have been taken from each treatment at heading stage (110 days after sowing date) as sample to determine growth characters; i.e. plant height (cm), and leaf area (cm 2 ), in addition to total chlorophyll using Minolta SPDA-502 leaf chlorophyll meter, then converted into total chlorophyll (a+b) as ppm/m 2 referring to John et al. (1988) and free proline (µmole proline/g fresh weight) as indicted by Bates (1975) .
At harvest (150 days from sowing date), one square meter plants were harvested then converted into ton per feddan to determine yield and its attributes; i.e. spike length (cm), number of tillers/m 2 , number of spikes/m 2 , number of grain/spike, weight of 1000 grains (g), biological yield (ton/fed), grain yield (ton/fed) and straw yield (ton/fed).
Pooled data were subjected to the combined statistical analysis after passing the homogeneity test using M-STAT C (Russell, 1991) , while Duncan"s multiple range test was used to verify the significant differences between treatments means as described by Duncan (1955) .
RESULTS AND DISCUSSION

Metrological Data
The observed meteorological data that shown in table (5) atmosphere is an atmosphere primed to trigger disasters, besides, there is high confidence that both maximum and minimum daily temperatures have increased on a global scale due to the increase of greenhouse gases. It also proved that the air temperature was lower two Celsius under the conditions of central pivot sprinklers than the conditions of the fixed sprinkler system as reported by Colaizzi et al. (2006) .
Effect of Heat Stress Treatments Simulated as Two Irrigation Methods
Data that presented in tables (6 and 7) indicated that except of the free proline (µmole proline/g fresh weight), which highly accumulated under sprinkler irrigation conditions, all the other studied characters were negatively affected under the heat stress conditions of the dominant air temperature of the region (sprinkler irrigation system), either at heading stage (110 days after sowing date); i.e. plant height (cm), leaf area (cm 2 ) and chlorophyll (a+b) as ppm/m or at harvest (150 days from sowing date); i.e. spike length (cm), number of tillers/m 2 , number of spikes/m 2 , number of grain/spike, weight of 1000 grains (g), biological yield (ton/fed), grain yield (ton/fed) and straw yield (ton/fed) compared to under the conditions of two Celsius lower than the dominant air temperature in the region (pivot irrigation system). This agrees with what described by Colaizzi et al. (2006) and was proved by the data presented in table (5). As reported by Stone and Nicolas (1995) , heat stress is an important constraint to wheat productivity affecting different growth stages, specially anthesis and grain filling. Thus, to stay green is a trait that has been used to indicate heat tolerance in hot environment. It is confirmed that photosynthetic rate is maximum at 20-22ºC and decreases abruptly at 30-32ºC, so heat stress injuries of the photosynthetic apparatus during reproductive growth of wheat diminish source activity and sink capacity, which results in reduced productivity as reported by Harding et al. (1990) and Aziz et al. (2009) , who added that accumulation a small quantity of free proline in the proper time may plays an important role in accumulation of assimilates and enhance source-think relationships, thus, it is an important criteria when breeding for stresses. Yet, the very high concentration of free proline indicates that the plant is challenging a severe stress and the net gain soon will be the dominancy of the senescence hormones; such as ethylene and abscisic acid by the meaning that the plant will have a shorter growth period and maybe fail to produce a valued yield (Bates, 1975) . Therefore, wheat production is more appreciated under pivot irrigation system than sprinkler irrigation system when heat stress out of global warming is present. Colaizzi et al. (2006) 2) Lower 2 º C than the dominant average temperature in the area.
3) The dominant average temperature in the area.  Means having similar latters at same column has no significant differences at P≥ 0.05. Colaizzi et al. (2006) 2) Lower 2 º C than the dominant average temperature in the area.
3) The dominant average temperature in the area.  Means having similar latters at same column has no significant differences at P≥ 0.05.
Effect of Different New Formulas of EM 5
Generally and as shown in tables (8 and 9), spraying EM 1 and EM 5 (either as traditional formula or as the new formulas) into the heat stressed wheat plants increased all the studied characters either at heading stage (110 days after sowing date); i.e. plant height (cm), leaf area (cm 2 ), chlorophyll (a+b) as ppm/m 2 and free proline (µmole proline/g fresh weight), or at harvest (150 days from sowing date); i.e. spike length (cm), number of tillers/m 2 , number of spikes/m 2 , number of grain/spike, weight of 1000 grains (g), biological yield (ton/fed), grain yield (ton/fed) and straw yield (ton/fed) compared to spraying with water as the control treatment. The highest observations were obtained from spraying EM 5-micronutrients with the concentration of 8000 ppm, followed by spraying with the concentration of 4000 ppm, followed by EM 5-Cu in 8000 ppm then 6000 ppm, EM 1 in 8000 ppm then 6000 ppm, EM 5-Zn in 6000 ppm, then after EM 5-Mn in 8000 ppm then 6000 ppm, then after EM 5-B in 8000 then after 6000 ppm. While the lowest observations were obtained from spraying with water as the control treatment. Many investigators obtained similar trends for the effect of spraying of EM 1 , EM 5 and Cu, Zn, Mn and B as micronutrients on the plants growth, yield and metabolism.  Means having similar latters at same column has no significant differences at P≥ 0.05. Higa (1999 and 2000) reported that spraying both EM 1 and EM 5 on the stressed plants resulted in stress tolerance for its positive effects on the metabolic consequences of the plants, particularly for the presence of sugar alcohol (polyol), which can be a source of metabolic carbon under stressful conditions (Wisselinka et al., 2002) . He added that polyols act as osmoprotectants under stress conditions, because the water-like hydroxyl groups in polyols allow them to form an artificial sphere of hydration around macromolecules, thus preventing metabolic inactivation under these conditions. Moreover, given a comparative advantage from its linear shape, mannitol can enter the semi-closed stomata carrying the chelated micro elements, thus the efficiency of the fertilization with the micronutrients would be increased under the stressful conditions, where the other configuration will fail (Stoop et al., 1994) . Cupper as a micronutrient plays a very important role in photosynthesis that increases atmospheric CO 2 absorbance by the plant. It also involves in the plastocyanin protein formation in the plastids and acts like electron carrier within the photosynthesis process, in addition to it involves in phenolase enzyme formation and activity as reported by Alam (1999) . He added that zinc as well is a very important microelement in photosynthesis and protein formation, it inhibits the activity of the enzyme tryptophan synthetase and promotes the activity of the enzyme anhydrase and triosphate dehydrogenase, thus stimulates the protein formation. Manganese encourages the photosynthesis process within promotion of the oxygen molecule from the water to the chlorophyll molecule during photosynthesis (Millaleo et al., 2010) . Boron as reported by Metwally et al. (2014) , is an essential element but in a very low concentrations for enzyme activities, accelerate the source-think relationship and act like osmoregulator under stress conditions. When take into account the integration between the above mentioned features of mannitol and the micronutrients involved in this study; i.e. Cu, Zn, Mn, and B, the potentiality of the new formula EM 5-micronutient plus can be understood.
Effect of the Interaction Between Heat Stress Treatments and New Formulas of EM 5
Results in tables (10 and 11) indicate that the application of the EM 5-micronutrient plus to mitigate the bad consequences of heat stress on wheat growth and productivity is highly significant. Except for the free proline (µmole proline/g fresh weight) that highly accumulated under the heat stress conditions of the dominant air temperature of the region (sprinkler irrigation system), the highest observation for the other studied characters either at heading stage (110 days after sowing date); i.e. plant height (cm), leaf area (cm 2 ) and chlorophyll (a+b) as ppm/m 2 or at harvest (150 days from sowing date); i.e. spike length (cm), number of tillers/m 2 , number of spikes/m 2 , number of grain/spike, weight of 1000 grains (g), biological yield (ton/fed), grain yield (ton/fed) and straw yield (ton/fed) were obtained from the interaction between the conditions of two Celsius lower than the dominant air temperature in the region (pivot irrigation system) × EM 5-micronutrientplus 8000 ppm followed by the same treatment with 4000 ppm concentration. The other interactions were scattered between pivot irrigation system × EM 5-micronutrient plus 8000 ppm and spraying with water as the control treatment. Colaizzi et al. (2006) . 2) Lower 2 º C than the dominant average temperature in the area.
3) The dominant average temperature in the area.  Means having similar latters at same column has no significant differences at P≥ 0.05. Colaizzi et al. (2006) . 2) Lower 2 º C than the dominant average temperature in the area.
Similar trend was obtained under the heat stress conditions of the dominant air temperature of the region (sprinkler irrigation system). This may be due to integration between the potentialities of the pivot irrigation system to reduce the daily temperature in the field by two Celsius, the mannitol as polyol to fully opened stomata or the semi closed ones under the both stressful conditions for its liner configuration, besides mode of action as an osmoprotectants, and the micronutrients, which paly very important roles in promoting the photosynthesis, maintaining the vitality of chlorophyll, especially under stress conditions, in addition to promoting the source-think relationships as reported by Aziz et al. (2009) , Kumar et al. (2009) and Millaleo et al. (2010) .
CONCLUSION
High temperatures causing heat stress in wheat are expected to increase in frequency across the globe. Heat stress substantially affects grain setting, duration, rate and ultimately grain yield. Nonetheless, the timing, duration and intensity of heat stress determine its impact on grain yield. The adversities of heat stress can be minimized by applying the proper agronomic strategies. One of these strategies is the proper and efficient irrigation method and schedule, which significantly help in minimizing the bad consequences of heat stress as pivot irrigation system. Another agronomic strategy is applying of specific biotic compounds that has the potentiality to enhance the tolerance mechanisms in plants under stress conditions such as EM 5-micronutrient plus . Yet, the integration between one or more of agronomic strategies is more capable to mitigate the dramatic consequences of the stress factors similar to what achieved by the interaction between {(pivot irrigation system) × EM 5-micronutrient plus 8000 ppm} in this study. ‫جذيذ‬ ‫مستحضر‬  ‫معذل‬  ‫من‬  ‫انفعان‬ ‫انذقيقة‬ ‫انكائنات‬  ‫ة‬  -(  5  ) 
‫بإستخذام‬ ‫انقمح‬ ‫في‬ ‫انحراري‬ ‫اإلجهاد‬ ‫تحمم‬ ‫تشجيع‬
